In view of the increasing demand for forests resources, particularly fodder and fuel species, and the rapid loss of biodiversity from forests in the Indian Himalayan region, studies assessing diversity and extraction trends, species preference and probability of use (PU) in forests are urgently required. A new approach was used to examine extraction trends of fodder species in a botanical hot spot (Gori Valley) of Askot Wildlife Sanctuary in Kumaun Himalaya, India. In all, 115 species from 100 genera and 51 families were found to be used as fodder, of which 39% were native to the Himalaya. Fodder is collected in winter and summer from woody species and in the rainy season from forbs and grasses. The low altitude village use pattern does not vary due to similarities in species and forest communities in this area, whereas it varied considerably at higher altitudes. Similar, the total number of species used was very low at both low and high altitude villages, whereas the quantity collected was very high in both areas. The PU and Resource Use Index (RUI) varied considerably between seasons. Overall, forbs, grasses and trees showed the highest PU and RUI, indicating high preferences and pressures. Forbs and grasses were preferred over woody species. The high availability of preferred species suggests that they are not under threat of disappearing, whereas the low density of the remaining species indicates their possible extinction from natural habitats in the near future. Thirty-five species were absent from the studied communities, indicating their restricted habitats. Appropriate strategies for the conservation and management of fodder species are suggested.
INTRODUCTION
which the native communities depend for their sustenance. To maintain the livestock population, forest trees, shrubs, herbs and grasses are collected, as are products from agroforestry plantations.
Previous studies on the fodder resource of the IHR indicated that available information is fragmentary and restricted to inventories (Balaraman 1981; Misri 1998; Purohit and Samant 1995; Samant 1998) . Harvesting of fodder from forests ranges from 2273 to 4194 kg capita −1 year −1 (Metz 1990 ).
Ashish (1993) found that the livestock population in Indian Central Himalaya exceeds available fodder resources. The extraction of fodder from forests is very high (62%) compared to extraction from agroforestry systems, low altitude grassland, degraded land, high altitude grassland and crop residues (38%) (Singh et al. 1988 ). There has been no attempt to relate the quantity of fodder species extracted, species availability and inhabitants' preferences. Such attempts are required to address issues related to resource sustainability, conservation and environmental management. Therefore, the present study was conducted to: (i) study the diversity, extraction trends and preference for fodder species; (ii) assess the probabilities of species use; (iii) assess populations of fodder species; and (iv) suggest conservation and management options based on the species availability and preference.
STUDY SITES
Askot Wildlife Sanctuary (29°46′45″ to 30°27′45″N latitude and 81°01′53″ to 80°16′25″E longitude) is located in the north of Pithoragarh district, Kumaun in West Himalaya and covers an area of approximately 600 km 2 ( Figure 1 ). It has a wide altitudinal range, from 600-6905 m asl. The unique topography and diversity in the soil and climate enrich the diversity of species, habitats and communities. The vegetation present represents almost all forest types reported from Kumaun Himalaya . About 109 villages are located within the Sanctuary, and the inhabitants belong to schedule castes, schedule tribes, Brahmins and Rajpoots. Most inhabitants are dependent on the forests for fuel, fodder and other resources (Dhar et al. 1997a; Samant et al. 2000) . The study was conducted in a representative site, the Gori Valley, of Askot Wildlife Sanctuary, one of the botanical hot spots of Kumaun (Samant et al. 1993) . The remaining parts of the Sanctuary contain sparse vegetation and dense settlements. Like other parts of the Sanctuary, the inhabitants belong to schedule castes, schedule tribes, Brahmins and Rajpoots, and most inhabitants are dependent on the forests for fuel, fodder and other resources (Dhar et al. 1997a; Samant et al. 2000) . The villages of Baram, Lumti, Mori and Chhoribagar along the Gori Ganga (lower altitude) and Baram, Chopta and Maitali (higher altitude) were chosen as representative villages for the present study ( 
MATERIALS AND METHODS

Information generation, sampling and species identification
The human and livestock population numbers are based on information collected from the Gram Pradhans (leaders) of the villages. Ten persons from each sampled village were interviewed to determine the average number of individuals collecting fodder and number of months in which fodder from forests was collected. On average, two adults from each family collect fodder for 8 months (December to April and July to September). The total population involved in fodder collection was calculated by multiplying household numbers by two. During May-June and October-November the inhabitants are largely involved in agricultural (harvesting, ploughing, sowing, etc.) and household activities. October and November are the harvest months.
Surveys were conducted in three seasons in 1998, winter (February), summer (April), and the rainy (August) season, for identification and quantification of the fodder resource. Ten random samples (bundles of fodder) per day from each village in each season were selected on five consecutive days. From each sample, species were identified by local names, with the help of villagers, and Latin names with the help of local floras and research papers (Osmaston 1927; Samant 1987; Purohit and Samant 1995) . The fresh weight of each species was measured using a spring balance.
Data analysis
The information generated from samples was pooled for each village and each season. For individual species in each season, average values of collection (kg sample −1 day −1 and kg household −1 day −1 ), probability of use (PU), resource use index (RUI) and index of similarity were calculated as follows:
Average collection (kg) of species = Where, IS = Index of Similarity; C = Total number/ quantity collected of a species common in two villages; A = Total number/quantity collected of species in village A, B = Total number/quantity collected of species in village B.
Phytosociological analysis
A detailed phytosociological investigation was conducted in the forests under continuous use in the study area to understand the availability of the fodder species. Seven plant communities have been identified in Gori Ganga Valley (Dhar et al. 1997 (Table 2) , hence these species were highly valued. In winter, the PU pattern (based on species number and quantity collected) ranged between 47-59% and 27-44% in the lower altitude villages. However, similarity in use pattern decreased (17-39% and 4-24%) with increasing altitude.
In summer, diversity of species used (PU) was high in almost all villages (Table 3) (Table 3 ). This diversification was due to the dependence on deciduous woody species, forbs and grasses across the lower (46-71%) and higher (35-47%) elevations, based on the species used and quantity collected.
PU of species was high in the rainy season and the major species (86%) used were forbs and grasses (Table 4) . Hence, there was low pressure on woody species in this season. More species were collected in Chopta, followed by Baram, Mori, Lumti and Maitali. Considering the high species number, the similarity in use pattern (SI) was very low (18-19%) at low altitudes and variable at higher altitudes (0-30%). The commonness use pattern among villages and altitudes was due to the (Table 5 ). The high demand/preference for the above species indicates high anthropogenic pressure.
Probability of use (PU)
The PU of fodder species depends on the use of specific species in a number of villages. In winter, PU was highest for Phoebe lanceolata, Bauhinia variegata, Mallotus philippensis, Callicarpa arborea and Boehmeria rugulosa (Table 2 ). In summer, PU was maximal for Ougeinia oojeinensis, Castanopsis tribuloides, Bridelia retusa, Ficus roxburghii, and Bauhinia variegata (Table 3) . PU was high (100%) for forbs and grasses and low for woody species, < 0.25 in the rainy season (Table 4) .
Status of fodder species
The villagers collect fodder from four forests/communities; riverine, Chir pine (Pinus roxburghii), Banj oak (Quercus leucotrichophora) and Rianj oak (Quercus lanuginosa). Density of preferred species representing these communities is presented in Figure 2 . Of the total woody species, 35 species were not represented in the identified communities. The non-availability of fodder species within these communities clearly indicates their restricted habitats and/or sporadic distribution. The low density of size classes of preferred species such as Millettia auriculata, Phoebe lanceolata, Ficus roxburghii, Syzygium cuminii in the riverine community (Figure 2A) , Ougeinia oojeinensis in the Chir pine community ( Figure 2B ), Persea duthiei in the riverine, Banj oak and Rianj oak communities (Figure 2A, C, D) , Terminalia chebula in the riverine and Chir pine communities (Figure 2A, B) , and Castanopsis tribuloides in the riverine and Banj oak communities (Figure 2A, C) suggests their poor regeneration and high pressures of use. It seems that if the collection of these species continues, within a few years, they may be completely wiped out.
The high density distribution in different size classes of native Quercus glauca, Q. floribunda, Q. lanuginosa and Q. leucotrichophora trees within the respective communities ensures their availability for posterity (Figure 2A-D) . However, multiple uses of these species suggest high anthropogenic pressure, and such species merit conservation.
Amongst the shrubs, the high density of Boehmeria platyphylla in riverine and Chir-pine communities, Drepanostachyum falcatum in Banj oak and Rianj oak communities, Indigofera atropurpurea in the Chir pine community, Inula cappa in the Chir pine, Banj oak and Rianj oak communities, Maesa indica in the riverine and Chir pine communities, Randia tetrasperma in the Banj-oak community, and Woodfordia fruticosa in the riverine, Chir pine and Banj oak communities ensures their availability for posterity. Millettia auriculata in the riverine community had a comparatively low density, indicating poor regeneration and high pressure on the species (Table 6) .
CONCLUSIONS FOR CONSERVATION AND MANAGEMENT
In the Indian Himalaya, inhabitants have long depended on forest fodder to maintain a large livestock population. In this region, livestock is an Table 5 Continued integral part of agriculture and the economy of rural people (Samant 1998; Samant and Dhar 1997) . Studies indicate that about 60-62% of fodder is obtained from forests (present study and Singh et al. 1988 lanuginosa are the most preferred species, and have a high PU. This indicates that these species face high anthropogenic pressure. As well as being fodder species, Phoebe lanceolata, Ougeinia oojeinensis, Castanopsis tribuloides, Bauhinia variegata, Mallotus philippensis, Quercus leucotrichophora and Quercus lanuginosa are also preferred as fuel (Samant et al. 2000) , indicating yet more pressure on these species. The unplanned lopping and reckless felling of some woody fodder species for fuel, house building and making agricultural tools, has caused habitat alteration and degradation and a decrease in the plant populations (Dhar et al. 1997b) . Similar studies are required in other parts of the Indian Himalaya, and the Himalayan regions of Nepal, China, Bhutan, Pakistan and Afghanistan, to understand the extraction trends of fodder species, quantity available in the natural habitats and changing pattern of vegetation. Infrequent regeneration of dominant species such as Quercus leucotrichophora and Q. lanuginosa has been attributed to biomass collection in Askot Wildlife Sanctuary. Existing trends of over-exploitation will lead to structural changes in these forests (Dhar et al. 1997b; Samant et al. 2000) and in the reserve ecosystems (Macdonald et al. 1989) . Continuous destruction, in the form of unmanaged lopping, felling, over-grazing and trampling, causes chronic degradation of natural habitats (Singh 1998) , thereby increasing the possibilities of establishment of non-palatable species. For example, the regeneration of moisture-loving species such as Quercus leucotrichophora, Q. lanuginosa, Persea duthiei and Carpinus viminea has decreased considerably and hardy species demanding low moisture, such as Rhododendron arboreum, Lyonia ovalifolia, Rubus ellipticus and Berberis asiatica, are proliferating in the area (Dhar et al. 1997b) . Other studies in the IHR also suggest that severe biotic pressure, in the form of excessive lopping, reduces seed production and consequently leads to regeneration problems (Singh and Singh 1987) . Already Phoebe lanceolata, Millettia auriculata, Ougeinia oojeinensis and Castanopsis tribuloides have poor regeneration in the study area. Recently, Bisht et al. (1999) also concluded that, given the existing livestock population in this region, the shortage of fodder exceeds 60%.
About 52% of the IHR is under forest (Samant et al. 2000) and forests are the major source of fodder. The slow change in the socio-economic status of local inhabitants suggests the prevailing condition of human dependence on forest resources will continue. Persistent harvesting pressure may reduce the ability of the forest to replenish itself. Therefore, to maintain the population of fodder species in Askot Wildlife Sanctuary in particular and the IHR in general, the following options are suggested to stimulate fodder resource conservation and sustainable utilization:
1. Further studies need to be conducted in different parts of the Himalaya and other countries to understand the pressure on fodder species. This would help in developing an adequate strategy and action plan for conservation and management of fodder species.
2. Production of fodder needs to be increased by intensive management of all the identified natural forests and rules of the protected areas need to be strictly followed.
3. Mass propagation of highly preferred fodder species should be accomplished and development packages should be disseminated to Table 6 Status of fodder shrubs within the forest communities (Ind/ha) local inhabitants for the restoration of degraded land, uncultivated land, agricultural field borders and marginal land. Introduction of improved varieties of legumes and grasses into these landscapes may also help in reducing the pressure on forests.
4. People's participation needs to be ensured in the conservation of fodder species. Awareness should be created about the preference, probability of use and available stock of fodder species in the area. Seed collection, nurseries, transplantation techniques and conservation programmes, such as community forestry and agroforestry, should be implemented through training and extension programmes and the mass media.
